PWD) to measure the transmitral flow velocity including the early maximum velocity of mitral inflow(E wave), the late maximum velocity of mitral inflow (A wave), and E/A ratio was recorded. Tissue Doppler imaging (TDI) to measure thelateralmitral annular velocity (lateral é), the septal mitral annular velocity (septal é) and their average (é) was calculated. The ratio of E/é was recorded.
Introduction
Pregnancy induces a major stress on the maternal cardiovascular system. Series of adaptation mechanisms start from as early as 5 weeks of gestationto increase oxygen delivery to the mother and the fetus (1) . Maternal cardiovascular maladaptation is strongly related to pregnancy outcome (2) .
Hypertensive disorders in pregnancy are associated with severe maternal obstetric complications and are of the main causes of maternal mortality (3) .Furthermore, they can lead to preterm delivery, fetal intrauterine growth restriction, low birth weight and perinatal death (4) . Although the exact incidence is unknown, it has been found that 5-10% of US pregnancies are complicated by hypertensive disorders of pregnancy (5) . Studying the maternal cardiovascular adaptation during pregnancy provides an insight into the interaction between maternal and fetal homeostasis and may prove a useful screening tool for pregnancy complications (6) . Although impairment of diastolic function of the left ventricle (LV) precedes systolic dysfunction in the evolution of most cardiac diseases, there is a scarcity of reports on diastolic function during pregnancy (7) .
Gestational hypertension affects the maternal left ventricular diastolic function, but in a unique way that differs from chronic hypertension in several aspects; it affects a cardiovascular system that was previously normal and adapted to pregnancy which itself induces many changes to the maternal heart. And it lasts for a temporary period of time (maximum of ten months) (8) and (9) .
Traditionally, evaluation of Doppler patterns of mitral inflow have been used in the assessment of left ventricular diastolic function, as transmitral velocities reflect the pressure gradient between the left ventricle and the left atrium and they are highly dependent on loading conditions, heart rate and rhythm. There are two major components of normal transmitral flow: the rapid early filling phase (E wave) and filling associated with atrial contraction (A wave). The transmitral flow is normal when E:A ratio is slightly greater than one and relatively brisk with (150-220 ms) E wave deceleration, defined as the time from the peak of the Ewave to the end of early mitral flow. The atrial contribution to ventricular filling typically does not exceed 20%. The normal mitral filling and the four patterns of diastolic function are shown in the figure 1 and 2 (10) and (11) . Tissue Doppler imaging (TDI) is an echocardiographic technique for assessing the diastolic function that is relatively independent of preload (13) . Since loading conditions change significantly during pregnancy, a load-independent technique will give a more accurate assessment of the diastolic function in pregnant women. (12) . TDI measures the early diastolic velocity of the longitudinal motion of the mitral annulus (é) which reflects the rate of myocardial relaxation.Decreased mitral annular velocity(é) is one of the earliest markers for diastolicdysfunction and is present in all stages of diastolic dysfunction. Because é velocity remainsreduced and mitral E velocity increases with higher fillingpressure, the ratio between transmitral E and é (E/é)correlates well with LV filling pressure according toASE/EACVI GUIDELINES AND STANDARDS (14) . And shown in Fig.   Fig. 3 Estimation of left ventricular diastolic pressure by the ratio of transmitral E (A) and mitral septal annular velocity (B), E/é.The E/é ratio in this patient is 8, which is within normal limits. 
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II. Methods
60 women with gestational hypertension32-40 weeks of gestation with singleton pregnancy, gestational hypertension was diagnosed when systolic blood pressure was equal or over 140 mmHg or diastolic blood pressure equals 90 mmHg or higher without proteinuria (>300 mg/dl) in resting sitting position (8) . Ten patients were excluded; (four patients' age was less than 20 year old, two had twin pregnancy, one patient showed small pericardial effusion, one patient had aortic regurgitation, one had mitral valve prolapse and one had hyperthyroidism). Another control group of 50 women, with singleton normotensive pregnancy matched for age and gestational age were enrolled in this study during the same time period.Inclusion criteria were: 1) Singleton uncomplicated pregnancy. 2) Age 20-40 year old. 3) During the third trimester. 4) BP ≥ 140/90 mmHg measured in the left lateral decubitus position. 5) No proteinuria (< 300 mg/dl). 6) Normal fetal parameters and amniotic fluid index (confirmed by ultrasound in the same hospital). Exclusion criteria: 1) All complications of pregnancy (congenital fetal abnormalities, placenta previa, accreta….etc). 2) Essential hypertension. 3) Ischemic heart diseases. 4) DM. 5) Valvular heart disease. 6) Anemia. 7) Dyslipidemia. 8) Thyroid dysfunction. 9) Smoking.
All patients were referred from the obstetrics clinic at Baghdad teaching hospital and examined at the department of echocardiography and catheterization in the 8 th floorof the same hospital from November 2015 to May 2016.
Their blood pressure was measured in the left lateral decubitus position, to overcome the pressure of the gravid uterus on the inferior vena cava, after a period of 15 min of rest using adult size MDF mercury sphygmomanometer and stethoscope.
Echocardiography: All patients were examined with PHILIPS CX10 diagnostic ultrasound system equipped with a S5-1, 2.5 MHz transducer. Examination was performed in left lateral decubitus position from the parasternal and apicalwindows, by three observers to avoid bias in results. Pulsewave Doppler imaging was used to measure the Mitral inflow velocity in the apical 4 chamber view by placing PW Doppler sample volume (1-3 mm axial size) betweenmitral leaflet tips with low wall filter setting (100-200 MHz) and low signal gainaccording to the guideline summary of 2016 (14) . The early maximum velocity (E) of mitral filling and the late maximum velocity of mitral filling (A) was recorded, and E/A ratio was calculated.
TissueDoppler imaging was used to measure the lateral annular motion of the mitral leaflets (é), placing the PW Doppler sample volume (5-10 mm axial size) at the lateral mitral annulus (lateral é), the septal mitral annulus (septal é), their average was obtained (é) and the ratioE/é was calculated. This study showed that the mean age for cases was 29.7 ± 5.936 year compared to 28 ± 3.182 year for controls, with mean difference of 1.7 year, but this difference was statistically insignificant (p-value > 0.05). Cases had a mean weight of 90.2 ± 7.982 kg compared to 79.14 ± 6.117 kg with mean difference of 11.06 kg, and a significant statistical association between them (P value 0.001), there was no statistical difference in height (P value 0.477) and as result their BMI and BSA also showed statistically significant difference (p-value < 0.05 for both), as cases had 35.97 ± 4.074 kg/m 2 (morbid obesity) and controls had 31.85 ± 2.912 kg/m 2 (obese), for BSA, the cases had a mean of 1.991 ± .0974 m 2 compared to 1.861 ± .0886 m 2 for controls Table ( 2). Showed mean gestational age for GHW 35.14 ± 2.821 weeks compared to 34.48 ± 1.821weeks for controls, having a mean difference of 1.39 week, but there was no statistically significant difference between the two age groups (p-value > 0.05). Both gravidity and parity showed significant statistical differences between cases and controls with pvalue < 0.05, as shown in Table ( 3), cases had mean gravidity of 3.84 ± 1.963 vs. 2.92 ± .853 in controls with P value of 0.003 and mean parity of 2.18 ±1.60 for GHW vs. 1.56 ± .837 in controls and P value of 0.017. Table (4) demonstrates thepulse wave Dopplerechocardiographic parameters that assessed the mitral inflow velocities, there were significant statistical difference between cases and controls in early (E), late (A) ventricular filling velocity and E/A ratio, as shown in Table ( 3), the mean E velocity for cases was 88.85 ± 17.44 ms compared with 101.6 ± 13.56 ms in controls, having absolute mean difference of 12.74 ms it was significantly lower in case group (P value 0.001). Also the same for A velocity, it was significantly higher in case group 91.27 ± 27.02 ms compared to 77.00 ±17.032 in controls, P value 0.002. E/A ratio was significantly higher in controls (1.36 ± .267) than cases (1.05 ± .369) with P value 0.001. In this study 30 gestational hypertensive women (60%) had E/A less than 1 and 6 (12%) cases of 50 who had their E/A ratio more than 1.53, only one had E/A more than 2. Regarding Tissue Doppler Imaging, theaverage diastolic peak velocities of themitral annulus (é) was significantly lower in cases than controls, 12.055 ± 2.35 ms and 16.414 ± 1.678 ms respectively, with absolute mean difference of 2.833 ms and P value 0.001. Also E/é ratio showed significant statistical difference between cases and controls, as the mean difference was 1.273, with 7.488 ± 1.43 in casescompared to controls 6.214 ± .730 (P value 0.001). As shown in Table ( 
III. Results
IV. Discussion
Normal pregnancy is a well-known cause of increased cardiac output and circulatory volume with decrease in peripheral resistance (15) .
It has been established that increased weight is strongly related to the development of hypertension (16) . Overweight pregnant women are more likely to develop gestational hypertension. (17) . This study showed (18) . Studying the left ventricular diastolic function using Pulse Wave Doppler revealed significant decrease in the early mitral filling velocity (E wave), significant increase in late mitral filling velocity (A wave) so that E/A ratio was reversed and significantly lower in gestational hypertension, 30 GHW (60%) had their E/A less than 1. This means gestational hypertensive women had mild diastolic dysfunction (grade I) with normal LV end diastolic pressure but impaired relaxation according to theEAE/ASE Recommendations for evaluating left ventricular diastolic function (19) .This comes in agreement with Kyoung Im Cho and colleagues, who found significant decrease in E/A ratio, increase in A wave velocity but he found that E wave velocity didn't change significantly (20) . Unlike Karen Melchiorre and team who found that gestational hypertensive women didn't haveany evidence of significant global diastolic (21) .
The results of Tissue Doppler Imaging in the current study showed that average é was significantly lower in gestational hypertensive women with significant increase in E/ é and 15 GHW (30%) had their E/é≥ 8. It is noteworthy to mention thatLV filling pressures are related to the ratio of the mitral inflow E wave to the tissue Doppler é wave (E/é) as have been studied using cardiac catheterization and echocardiography. This correlation is based on the fact that é velocities "corrects" E-wave velocities which is dependent on preload and relaxation (22) . Gestational hypertensive women in the present study according to E/é have the upper normal LV end diastolic pressure and 30% of them might have elevated LV diastolic pressure. These results come in agreement with Orsolya Szenczi and János Rigó Jr.who found significant increase in A wave velocity, significantly lower E/A and significantly higher E/é in gestational hypertension. (23) . and on the contrary Vlahović-Stipac and colleaguesshowed that gestational hypertension didn't have significant impact on the maternal left ventricular diastolic function and E/é remained unchanged. (24) . We conclude from these information that gestational hypertension imposes pressure and volume overload on the left ventricle during a short period of time in a previously normal cardiovascular system and might lead to mild diastolic dysfunction as measured with pulsed wave Doppler and confirmed by tissue Doppler imaging.
